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(54;  Idle  revolution  control  device  for  internal  combustion  engine. 

@  An  idle  revolution  control  device  includes  a  water  tem- 
perature  sensor  (2),  a  filter  means  (7)  and  a  control  means 
(7,  9)  which  is  constituted  with  a  central  processing  unit  (7) 
and  an  interface  (9)  connecting  the  water  temperature  sen- 
sor  (2)  and  the  central  processing  unit  (7).  The  filter  means 
(7)  functions  to  provide  a  time  constant  which  provide  a  high 
response  speed  for  a  temperature  variation  toward  a  high 
temperature  side  and  a  low  response  speed  for  a  tempera- 
ture  variation  toward  a  low  temperature  side  and  to  pass  an 
output  signal  of  the  water  temperature  sensor  (2)  with  such 
time  constant  a  predetermined  time  after  an  engine  starts. 
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IDLE  REVOLUTION  CONTROL  DEVICE  FOR  INTERNAL  COMBUSTION  ENGINE 

BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  i d l e   r e v o l u t i o n  

c o n t r o l   d e v i c e   f o r   an  i n t e r n a l   c o m b u s t i o n   e n g i n e ,   in  w h i c h   t h e  

r e v o l u t i o n   of  t he   e n g i n e   at   an  i d l i n g   c o n d i t i o n   is  c o n t r o l l e d  

5  to  a  p r e d e t e r m i n e d   v a l u e   a c c o r d i n g   to  a  t e m p e r a t u r e   of  a n  

e n g i n e   c o o l a n t .  

A  t y p i c a l   e x a m p l e   of  s u c h   i d l e   r e v o l u t i o n   c o n t r o l  

d e v i c e   is  shown  in  F i g .   1,  in  w h i c h   r e f e r e n c e   n u m e r a l s   1,  2,  3 ,  

4,  5,  6  and  8  d e p i c t   an  i n t e r n a l   c o m b u s t i o n   e n g i n e ,   a  t h e r m i s t e r  

10  as  a  w a t e r   t e m p e r a t u r e   s e n s o r   f o r   d e t e c t i n g   a  c o o l a n t   t e m p e r a -  

t u r e   of  t he   e n g i n e   1  and  p r o v i d i n g   an  e l e c t r i c   s i g n a l  

r e p r e s e n t a t i v e   of  t he   t e m p e r a t u r e ,   an  e n g i n e   r e v o l u t i o n   s e n s o r  

f o r   d e t e c t i n g   t h e   n u m b e r   of  r e v o l u t i o n s   of  t he   e n g i n e   1,  a  

t h r o t t l e   v a l v e   p r o v i d e d   in  an  i n t a k e   p i p e   f o r   c o n t r o l l i n g   a n  

15  a m o u n t   'of  i n t a k e   a i r ,   an  i d l e   s w i t c h   f o r   d e t e c t i n g   a  f u l l  

c l o s u r e   of  t he   t h r o t t l e   v a l v e   4,  i . e . ,   an  i d l i n g   c o n d i t i o n ,  

a  c o n t r o l   d e v i c e   i n c l u d i n g   a  CPU  7  and  a  w a t e r   t e m p e r a t u r e  

s e n s o r   i n t e r f a c e   9  and  an  a c t u a t o r   p r o v i d e d   in  a  b y p a s s  

c o n d u i t   b y p a s s i n g   the   t h r o t t l e   v a l v e   4,  r e s p e c t i v e l y .  

20  The  CPU  7  of  t he   c o n t r o l   d e v i c e   6  r e c e i v e s   o u t p u t s   f r o m  

the   w a t e r   t e m p e r a t u r e   s e n s o r   2,  t he   r e v o l u t i o n   s e n s o r   3  a n d  

the   i d l e   s w i t c h   5  to  d r i v e   t he   a c t u a t o r   8  a c c o r d i n g   to  t h e s e  

i n f o r m a t i o n s   to  c a u s e   i t   to  r e g u l a t e   a i r   f l o w   t h r o u g h   t h e  

b y p a s s   c o n d u i t   to  t h e r e b y   c o n t r o l   t he   i d l e   r e v o l u t i o n   o f  

25  the   e n g i n e   1.  The  w a t e r   t e m p e r a t u r e   s e n s o r   i n t e r f a c e   9 
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c o m p r i s e s   a  v o l t a g e   d i v i d i n g   r e s i s t o r   R,  f o r   c o n v e r t i n g   a n  

o u t p u t   r e s i s t a n c e   of  the   t h e r m i s t e r   2  i n t o   an  a n a l o g   v o l t a g e  

and  a  s e r i e s   c o n n e c t i o n   of  a  r e s i s t o r   R_  and  a  c a p a c i t o r   C, 

w h i c h   c o n s t i t u t e   a  p r i m a r y   f i l t e r   f o r   n o i s e   r e m o v a l .   An 

5  i n p u t   v o l t a g e   f rom  the   t h e r m i s t e r   2  to  t he   c o n t r o l   d e v i c e   6 ,  

an  i n p u t   v o l t a g e   to  t he   CPU  7  and  a  s o u r c e   v o l t a g e   a r e  

d e p i c t e d   by  V1  ,  V2  and  V3  ,  r e s p e c t i v e l y .  

In  o p e r a t i o n ,   an  e n g i n e   w a t e r   t e m p e r a t u r e   i n f o r m a t i o n  

f rom  t h e   t h e r m i s t e r   2  and  t h e   o u t p u t   of  t he   i d l e   s w i t c h   5  a r e  

10  s u p p l i e d   to  t h e   CPU  7.  When  t h e   CPU  7  c o n f i r m s ,   a c c o r d i n g  

to  t h e   s i g n a l   f rom  t he   i d l e   s w i t c h   5,  t h a t   t he   e n g i n e   1  i s  

i d l i n g ,   i t   c a l c u l a t e s   a  d e s i r e d   r e v o l u t i o n   n u m b e r   of  t h e  

e n g i n e   on  t h e   b a s i s   of  t h e   i n f o r m a t i o n   f r o m   the   t h e r m i s t e r   2 

and  a  known  r e l a t i o n   b e t w e e n   t h e   i n f o r m a t i o n   and  t he   d e s i r e d  

15  r e v o l u t i o n   n u m b e r   w h i c h   i s   shown  in  F i g .   3,  c o m p a r e s   t h e  

d e s i r e d   r e v o l u t i o n   w i t h   an  a c t u a l   r e v o l u t i o n   n u m b e r   d e t e c t e d  

by  t h e   r e v o l u t i o n   s e n s o r   3  and  p r o v i d e s   a  d r i v e   s i g n a l   w h i c h  

is   s u p p l i e d   to  t h e   a c t u a t o r   8.  The  a c t u a t o r   8  r e s p o n d s   to  t h e  

d r i v e   s i g n a l   to  r e g u l a t e   t h e   a m o u n t   of  a i r   f l o w i n g   t h r o u g h  

20  t h e   b y p a s s   c o n d u i t   so  t h a t   a  d i f f e r e n c e   b e t w e e n   the   c a l c u l a t e d  

v a l u e   and  t h e   a c t u a l   v a l u e   is   m i n i m i z e d .   Thus  the   i d l i n g  

r e v o l u t i o n   is   c o n t r o l l e d .   The  c o n t r o l l e d   i d l i n g   r e v o l u t i o n  

is   d e t e c t e d   a g a i n   by  t h e   r e v o l u t i o n   s e n s o r   3  and  by  r e p e a t i n g  

t h i s   o p e r a t i o n ,   t h e   i d l i n g   r e v o l u t i o n   n u m b e r   is  f i n a l l y  

25  c o n t r o l l e d   to  a  p r e d e t e r m i n e d   v a l u e .  

I t   has   b e e n   known  p r a c t i a l l y ,   h o w e v e r ,   t h a t   t h e r e   is   a  

t e n d e n c y   of  t e m p o r a l   d i s c o n n e c t i o n   or   i n t e r m i t t e n t   d i s c o n -  
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n e c t i o n ,   i . e . ,   c h a t t e r i n g ,   b e t w e e n   the   t h e r m i s t e r   and  t h e  

c o n t r o l   d e v i c e   6  due  to  u n d e s i r e d   v i b r a t i o a n   or  s h o c k s   of  a  

v e h i c l e   e q u i p p e d   w i t h   t hem.   F i g s .   2A  to  2C  i l l u s t r a t e  

v o l t a g e   w a v e f o r m s   a t   v a r i o u s   p o r t i o n s   of  t he   c o n t r o l   d e v i c e  

5  when  s u c h   t e m p o r a l   d i s c o n n e c t i o n   and  c h a t t e r i n g   b e t w e e n   t h e  

t h e r m i s t e r   2  and  the   c o n t r o l   d e v i c e   6.  When  the   t h e r m i s t e r  

2  is  c o m p l e t e l y   d i s c o n n e c t e d   f rom  t he   c o n t r o l   d e v i c e   6  as  s h o w n  

in  F i g .   2A,  t he   i n p u t   v o l t a g e   V,  to  t he   c o n t r o l   d e v i c e   6 

a b r u p t l y   r i s e s   f rom  a  t h e r m i s t e r   o u t p u t   v o l t a g e   V*  to  t h e  

10  b a t t e r y   v o l t a g e   V.,  .  At  t h i s   t i m e ,   t h e   r e s i s t e r   R.  s e r v e s   a s  

a  p u l l - u p   r e s i s t e r   w h i c h   a l s o   s e r v e s   to  f i x   t he   v o l t a g e   a t  

t he   d i s c o n n e c t i o n .   F u r t h e r ,   t he   i n p u t   v o l t a g e   V_  to  t h e  

CPU  7  r i s e s   a l s o   g r a d u a l l y   to  t he   b a t t e r y   v o l t a g e   V..  w i t h   a  

r i s i n g   r a t e   b e i n g   d e t e r m i n e d   by  the   t i m e   c o n s t a n t   of  t h e   R-, 

15  c,  c i r c u i t   and ,   when  t he   i n p u t   v o l t a g e   V2  to  t he   CPU  7  b e c o m e s  

h i g h e r   t h a n   a  p r e d e t e r m i n e d   v a l u e   s e t   to  d i s c r i m i n a t e   t h e  

d i s c o n n e c t i o n ,   the   CPU  7  c o n t r o l s   t he   f u e l   i n j e c t i o n   r e g a r d l e s s  

of  t he   i n f o r m a t i o n   f rom  the   w a t e r   t e m p e r a t u r e   s e n s o r   to  a n  

e x t e n t   t h a t   a  r e c k l e s s   o p e r a t i o n   of  t he   e n g i n e   is  r e s t r i c t e d .  

20  When  the   t e m p e r a t u r e   s e n s o r   2  is   d i s c o n n e c t e d  

t e m p o r a r i l y   f rom  t he   c o n t r o l   d e v i c e   6  as  shown  in  F i g .   2 B ,  

t he   i n p u t   v o l t a g e   V  ̂ to  t he   c o n t r o l   d e v i c e   6  r i s e s   a b r u p t l y  

f rom  V.  to  V3  and  t h e n   f a l l s   to  V. .   The  i n p u t   v o l t a g e   V2 

to  t he   CPU  7  r i s e s   t o w a r d   V.,  and ,   when  t h e   d i s c o n n e c t i o n   i s  

25  t e r m i n a t e d ,   s t a r t s   to  f a l l   to  V4  w i t h   a  f a l l i n g   r a t e   b e i n g  

d e t e r m i n e d   by  the   t i m e   c o n s t a n t   C,R2  w h i c h   is  u s u a l l y  

s e v e r a l   m i l l i s e c o n d s   . 
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C o n s i d e r i n g   t he   f u e l   e c o n o m y ,   i t   is   i d e a l   t h a t   t h e  

i d l i n g   r e v o l u t i o n   of  t he   e n g i n e   is   min imum  a t   w h i c h   t h e  

e n g i n e   can   r o t a t e   s m o o t h l y   a t   a  g i v e n   t e m e p r a t u r e .   T h e r e -  

f o r e ,   i t   has   b e e n   u s u a l   t h a t   t he   d e s i r e d   r e v o l u t i o n   d e c r e a s e s  

5  w i t h   i n c r e a s e   of  t h e   c o o l a n t   t e m p e r a t u r e ,   as  shown  in  F i g .   3 .  

F u r t h e r ,   s i n c e   t he   r e s i s t a n c e   of  t he   t h e r m i s t e r   2  d e c r e a s e s  

w i t h   i n c r e a s e   of  t e m p e r a t u r e ,   b o t h   t h e   i n p u t   v o l t a g e s   V,  a n d  

V2  a r e   low  a t   h i g h   t e m p e r a t u r e   and  h i g h   a t   low  t e m p e r a t u r e .  

T h e r e f o r e ,   when  a  n o r m a l   o u t p u t   v o l t a g e   of  t h e   t h e r m i s t e r   2 

10  is   V4,  t h e   i n p u t   v o l t a g e   V2  c h a n g e s   f rom  V.  t h r o u g h   V,.  ,  V 

and  V5  to  V^  . 

For   t h i s   r e a s o n ,   t h e   d e s i r e d   r e v o l u t i o n   w h i c h   s h o u l d  

be  N  ̂ b e c o m e s   N-,  c o r r e s p o n d i n g   to  V5  ,  w h i c h   is   too   h i g h .  

In  t h e   c a s e   of  t he   c h a t t e r i n g   as  shown  in  F i g .   2 C ,  

15  t h e   i n p u t   v o l t a g e   V^  v i b r a t e s   b e t w e e n   t h e   n o r m a l   v o l t a g e   V.  

and  t he   b a t t e r y   v o l t a g e   V3  .  A s s u m i n g   50%  d u t y   c y c l e   c h a t t e r -  

i n g ,   t h e   i n p u t   v o l t a g e   V2  may  be  a s t r i n g e n t   to  an  i n t e r m e d i a l  

v a l u e   b e t w e e n   V4  and  V3  .  T h e r e f o r e ,   by  c h a n g i n g   t h e   d u t y  

c y c l e   s u i t a b l y ,   i t   i s   p o s s i b l e   to  s e t   t h e   i n p u t   v o l t a g e   V2  t o  

20  an  a r b i t a r y   v a l u e   b e t w e e n   V  and  V4  and  so  t he   d e s i r e d  

r e v o l u t i o n   of  t h e   e n g i n e   1  is   s e l e c t e d   in  a  r a n g e   f rom  N-[_ 

to  an  u p p e r   l i m i t   of  c o n t r o l .  

As  m e n t i o n e d ,   v a r i o u s   s i g n a l s   c o r r e s p o n d i n g   t o .  

a b n o r m a l   c o n d i t i o n s   w h i c h   do  no t   c o r r e s p o n d   to  w a t e r   t e m p e r a -  

25  t u r e   a r e   s e n t   to  t h e   CPU  7  when  t h e   t h e r m i s t e r   2  is   d i s c o n n e c t e d  

t e m p o r a r i l y   :or  i n t e r m i t t e n t l y   f rom  t he   c o n t r o l   d e v i c e   6  a n d ,  

when  t he   CPU  7  r e s p o n d s   to  a l l   of  s u c h   s i g n a l s ,   a  r a n g e   o f  
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t he   d e s i r e d   r e v o l u t i o n   of  t he   e n g i n e   b e c o m e s   wide   e n o u g h   t o  

c o v e r   a l l   c o n t r o l   r a n g e   and ,   f o r   some  e x t r e m e   c a s e ,   t h e  

e n g i n e   r e v o l u t i o n   r i s e s   a b n o r m a l l y .  

SUMMARY  OF  THE  INVENTION 

5  An  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a n  

i d l e   r e v o l u t i o n   c o n t r o l   d e v i c e   f o r   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   by  w h i c h   the   e n g i n e   r e v o l u t i o n   d o e s   no t   r i s e   a b n o r m a l l y  

even   i f   t he   c o n n e c t i o n   of  t he   w a t e r   t e m p e r a t u r e   s e n s o r   a n d  

t he   c o n t r o l   d e v i c e   is  b r o k e n   t e m p o r a r i l y   or  i n t e r m i t t e n t l y .  

10  The  i d l e   r e v o l u t i o n   c o n t r o l   d e v i c e   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   is   f e a t u r e d   by  s u p p l y i n g   a t   a  p r e d e t e r m i n e d  

t i m e   a f t e r   an  e n g i n e   is  s t a r t e d ,   a  s i g n a l   of  t he   w a t e r   t e m p e r a -  

t u r e   s e n s o r   t h r o u g h   a  f i l t e r   h a v i n g   a  t i m e   c o n s t a n t   w h i c h   i s  

l a r g e   when  the   s i g n a l   v a r i e s   t o w a r d   a  low  t e m p e r a t u r e   s i d e  

15  and  is  s m a l l   when  i t   v a r i e s   t o w a r d   a  h i g h   t e m p e r a t u r e   s i d e .  

In '   t he   p r e s e n t   i n v e n t i o n ,   t he   f i l t e r   w h i c h   is  p r o v i d e d  

as  one  of  f u n c t i o n s   of  a  CPU  f u n c t i o n s   to  r e s t r i c t   an  a b n o r m a l  

l e v e l   v a r i a t i o n   of  t he   s i g n a l   f rom  t h e   w a t e r   t e m p e r a t u r e  

s e n s o r   to  a  l e v e l   on  a  low  t e m p e r a t u r e   s i d e   when  t he   s i g n a l  

2CT  d i s a p p e a r s   t e m p o r a r i l y .   T h e r e f o r e ,   t h e   CPU  of  t he   c o n t r o l  

d e v i c e   does   no t   c o n t r o l   t he   d e s i r e d   r e v o l u t i o n   to  s h i f t   i t  

a b n o r m a l l y   h i g h .   F u r t h e r ,   s i n c e ,   in  t h e   c h a t t e r i n g   s i t u a t i o n ,  

t h e r e   is  no  s u b s t a n t i a l   r e d u c t i o n   of  t he   s i g n a l   v o l t a g e   f r o m  

the   n o r m a l   v a l u e ,   t he   d e s i r e d   r e v o l u t i o n   d o e s   no t   i n c r e a s e  

25  s u b s t a n t i a l l y   and ,   when  t he   c o n n e c t i o n   is   r e c o v e r e d   f rom  t h e  

c h a t t e r i n g ,   the   d e s i r e d   r e v o l u t i o n   is   r e c o v e r e d   i m m e d i a t e l y  

s t a b l y .  
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is   a  s c h e m a t i c   b l o c k   d i a g r a m   of  a  c o n v e n t i o n a l  

i d l e   r e v o l u t i o n   c o n t r o l   d e v i c e ,   w h i c h   a l s o   shows  s c h e m a t i c a l l y  

an  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

5  F i g .   2  is   a  g r a p h   s c h e m a t i c a l l y   i l l u s t r a t i n g   a  r e l a t i o n  

b e t w e e n   c o o l a n t   w a t e r   t e m p e r a t u r e   and  d e s i r e d   e n g i n e   i d l i n g  

r e v o l u t i o n ;  

F i g .   3  is   a  g r a p h   s c h e m a t i c a l l y   i l l u s t r a t i n g   a  

f i l t e r i n g   when  i t   is  p e r f o r m e d   w i t h o u t   t i m e   d e l a y ;  

10  F i g .   4  is   a  g r a p h   s c h e m a t i c a l l y   i l l u s t r a t i n g   t h e  

f i l t e r i n g   w i t h   a  t i m e   d e l a y ;  

F i g .   5  i l l u s t r a t e s   a  f i l t e r i n g   f u n c t i o n   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g s .   6A,  6B  and  6C  a r e   v o l t a g e   w a v e f o r m s   a t   v a r i o u s  

15  p o i n t s   of  t he   c o n t r o l   d e v i c e   when  a  w a t e r   t e m p e r a t u r e   s e n s o r  

is   d i s c o n n e c t e d   f rom  t he   c o n t r o l   d e v i c e   p e r m a n e n t l y ,   t e m p o r a r i l y  

and  i n t e r m i t t e n t l y ,   r e s p e c t i v e l y ;   a n d  

F i g .   7  i s   a  g r a p h   s h o w i n g   a  r e l a t i o n   b e t w e e n   e n g i n e  

c o o l a n t   t e m p e r a t u r e   and  d e s i r e d   e n g i n e   r e v o l u t i o n .  

20  DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

A  c o n s t r u c t i o n   of  t he   p r e s e n t   i d l e   r e v o l u t i o n   c o n t r o l  

d e v i c e   is  s u b s t a n t i a l l y   t he   same  as  t h a t   shown  in  F i g .   1,  w h e n  

g i v e n   as  a  b l o c k   d i a g r a m .   A  f e a t u r e   of  t h e   p r e s e n t   i n v e n -  

t i o n   is   a  p r o c e s s i n g   of  an  o u t p u t   s i g n a l   of  a  t h e r r n i s t e r   u s e d  

25  as  t h e   w a t e r   t e m p e r a t u r e   s e n s o r ,   w h i c h   i s   to  be  p e r f o r m e d  

in  a  CPU  7  of  t he   c o n t r o l   d e v i c e   6..  T h a t   i s ,   in  t he   p r e s e n t  

i n v e n t i o n ,   a  f i l t e r i n g   f u n c t i o n   p r o v i d i n g   a  t i m e   c o n s t a n t   o f  
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s e v e r a l   t e n s   m i l l i s e c o n d s   f o r   a  t e m p e r a t u r e   v a r i a t i o n   t o w a r d  

h i g h   t e m p e r a t u r e   s i d e   and  s e v e r a l   m i l l i s e c o n d s   f o r   a  

t e m p e r a t u r e   v a r i a t i o n   t o w a r d   low  t e m p e r a t u r e   s i d e   is  p r o d u c e d  

by  the   CPU  7  so  t h a t   t he   o u t p u t   s i g n a l   f rom  t he   t h e r m i s t e r   2 

5  is  p r o c e s s e d   in  t he   CPU  7  to  g i v e   a  t i m e   d e l a y   b e t w e e n   a  s u p p l y  

of  t he   o u t p u t   s i g n a l   f rom  the   t h e r m i s t e r   2  and  an  e n g i n e  

s t a r t   t i m e .  

T h a t   i s ,   at   a  t i m e   when  the   p o w e r   s w i t c h   is   t u r n e d   o n ,  

the   f i l t e r   p r o c e s s e s   an  o u t p u t   d a t a   ( i n s t a n t a n e o u s   v a l u e )   o f  

10  t he   w a t e r   t e m p e r a t u r e   s e n s o r   a f t e r   an  i n i t i a l i z a t i o n   of  t h e  

CPU  7.  D e s c r i b i n g   t h i s   in  more  d e t a i l ,   t he   d e s i r e d   i d l e  

r e v o l u t i o n   n u m b e r   of  t he   e n g i n e   is  s e t   a t   t h e   l o w e s t   p o s s i b l e  

v a l u e   a t   w h i c h   t he   e n g i n e   is   s t i l l   o p e r a b l e   by  t a k i n g   t h e   f u e l  

e c o n o m y   and  t h e   d r i v a b i l i t y   of  t he   a u t o m o b i l e   i n t o   c o n s i d e r a t i o n  

15  and  i t   is  d e t e r m i n e d   a c c o r d i n g   to  t he   w a t e r   t e m p e r a t u r e   v s .  

i d l i n g   r e v o l u t i o n   number   r e l a t i o n   s u c h   as  shown  in  F i g .   2 .  

When  the   f i l t e r i n g   o p e r a t i o n   of  t he   w a t e r   t e m p e r a t u r e   d a t a   i s  

s t a r t e d   a t   t h e   e n g i n e   s t a r t   t i m e   t,  ,  t h e   d e s i r e d   r e v o l u t i o n   n  

v a r i e s   as  shown  in  F i g .   3  due  to  t he   e x i s t e n c e   of  t he   f i l t e r  

20  f u n c t i o n   and  r e a c h e s   t he   d e s i r e d   v a l u e   n,  c o r r e s p o n d i n g   to  t h e  

a c t u a l   w a t e r   t e m p e r a t u r e   a t   a  t i m e   i n s t a n t   t-,  •  T h e r e f o r e ,   t h e r e  

is  a  t i m e   d e l a y   t ] _ - t2   w h i c h   is  u s u a l l y   s e v e r a l   s e c o n d s .  

On  t h e   o t h e r   h a n d ,   when  the   f i l t e r i n g   o p e r a t i o n   i s  

p e r f o r m e d   a f t e r   a  p r e d e t e r m i n e d   t i m e   f rom  t h e   t i m e   a t   w h i c h  

25  the   e n g i n e   s t a r t s   to  r e v o l u t e ,   i . e . ,   when  t h e   f i l t e r i n g  

o p e r a t i o n   is   p e r f o r m e d   w i t h   t he   v a l u e   n  b e i n q   s e t   to  t he   w a t e r  e  3 

t e m p e r a t u r e   d a t a   at   t he   t i m e   when  the   p o w e r   is   t u r n e d   o n ,  



-  8  -  0  2 4 4   8 7 0  

t h e r e   is   no  s u c h   d e l a y   as  shown  in  F i g .   4 .  

U n d e r   t h e   c o n d i t i o n   shown  in  F i g .   3  in  w h i c h   the   e n g i n e  

m u s t   o p e r a t e   a t   a  s p e e d   l o w e r   t h a n   the   d e s i r e d   s p e e d   f o r   a  

r e l a t i v e l y   l o n g   t i m e ,   t he   e n g i n e   o p e r a t i o n   is  n e c e s s a r i l y   u n -  

5  s t a b l e   and  t e n d s   to  s t o p .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   t he   CPU  7  s a m p l e s  

an  o u t p u t   s i g n a l   v  of  t he   w a t e r   t e m p e r a t u r e   s e n s o r   2  a t   a  f i x e d  

p e r i o d   tg  as  shown  in  F i g .   5.  In  t he   CPU  7,  when  t he   o u t p u t  

V4-n  ° f   t h e   w a t e r   t e m p e r a t u r e   s e n s o r   2  a t   a  t i m e   i n s t a n c e   t ,   v 

10  i s   e q u a l   to  or   l a r g e r   t h a n   a  s a m p l e d   v a l u e   v  by  a  c o n s t a n t  

v a l u e   v  w h i c h   c o r r e s p o n d s   to  a  t i m e   p e r i o d   f rom  t.  to  t ?  

in  F i g .   5,  i t   is   d e c i d e d   as  v t ( n ) =   v t ( n _ D   +  vu  to  c l i P   a n  

a m o u n t   of  t e m p e r a t u r e   i n c r e a s e   to  v  .  When  t h e   o u t p u t   v  ■  up  *  t ( n )  
i s   e q u a l   to  or   s m a l l e r   t h a n   V  ,  .  ,  by  a  c o n s t a n t   v a l u e  t ( n - l )  

15  Vdown'   wh^-cil  c o r r e s p o n d s   to  a  t i m e   p e r i o d   f rom  tg  to  t . .   i n  

F i g .   5,  i t   i s   d e c i d e d   as  V  =  V  -  v ,   to  c l i o   a n  t i n )   t ( n - l )   d o w n  
a m o u n t   of  t e m p e r a t u r e   d e c r e a s e   to  v^  .  When  v  -  V down  t ( n )   t ( n - l )  
4  Vup  Or  V t ( n - l ) " V t ( n )   <  Vdown'   w h i c h   c o r r e s p o n d s   to  t i m e  

p e r i o d   tR  and  t17  in  F i g .   5,  i t   is   d e c i d e d   as  V. ,   ,  =  v  .  ,  t o  °  LjL  t  (  n  )  t  (  n )  
20  e m p l o y   t he   d a t a   f rom  t he   w a t e r   t e m p e r a t u r e   as  i t   is   . 

W i t h   s u c h   f i l t e r i n g   f u n c t i o n   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n ,   when  t he   d e t e c t i o n   s i g n a l   f rom  t he   t h e r m i s t e r   2 

d i s a p p e a r e d   as  shown  in  F i g .   6A,  t he   v o l t a g e   V_  a t   t h e  

i n p u t   of  t h e   CPU  7  r i s e s   f rom  t he   n o r m a l   v a l u e   V.  a t   a  r a t e  

25  d e t e r m i n e d   by  t he   t i m e   c o n s t a n t   F ^ ^   and  t h e   t i m e   c o n s t a n t   p r o -  

v i d e d   by  t h e   f i l t e r i n g   f u n c t i o n   of  t he   CPU  7.  When  the   i n p u t  

v o l t a g e   of  t he   CPU  7  e x c e e d s   a  d i s c o n n e c t i o n   d e t e r m i n i n g  
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l e v e l ,   t he   CPU  c o n t r o l s   t he   r e v o l u t i o n   on  t he   f a i l - s a f e  

s i d e   r e g a r d l e s s   of  t he   w a t e r   t e m p e r a t u r e .  

When  the   t h e r m i s t e r   2  is   d i s c o n n e c t e d   t e m p o l a r i l y   a s  

shown  in  F i g .   6B,  t he   i n p u t   v o l t a g e   of  t h e   CPU  7  r i s e s   o n l y  

5  to  a  s m a l l   v a l u e   V,  and  t h u s   t he   d e s i r e d   r e v o l u t i o n   i s  
b 

a l l o w e d   to  r i s e   to  N-.  as  shown  in  F i g .   7 .  

When  the   t h e r m i s t e r   2  is   d i s c o n n e c t e d   i n t e r m i t t e n t l y ,  

i . e . ,   in  t he   c h a t t e r i n g   s t a t e ,   as  shown  in  F i g .   6C,  t he   r i s e  

of  the   i n p u t   v o l t a g e   of  t he   CPU  7  is   v e r y   s m a l l ,   e l i m i n a t i n g  

10  an  a b n o r m a l   i n c r e a s e   of  t he   d e s i r e d   r e v o l u t i o n .  

S i n c e   the   f i l t e r i n g   f u n c t i o n   of  t h e   CPU  7  p r o v i d e s   a  

v e r y   r a p i d   l o w e r i n g   of  t he   i n p u t   v o l t a g e ,   t he   i n p u t   v o l t a g e  

of  t he   CPU  is  r e c o v e r e d   to  t h e   n o r m a l   v o l t a g e   V.  i m m e d i a t e l y  

a f t e r   the   i n s t a n t a n e o u s   or  i n t e r m i t t e n t   d i s c o n n e c t i o n   of  t h e  

15  t h e r m i s t e r   2  is  r e m o v e d   and  t h u s   t he   e n g i n e   r e v o l u t i o n   i s  

r e t u r n e d   to  t he   d e s i r e d   r e v o l u t i o n   n u m b e r   N.  and  t h e   e n g i n e  

can  o p e r a t e   at   t he   s p e e d   s t a b l y .  

As  m e n t i o n e d   h e r e i n b e f o r e ,   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   in  w h i c h   t he   o u t p u t   s i g n a l   f rom  t h e   w a t e r   t e m p e r a t u r e  

20  s e n s o r   is  _  s u p p l i e d   a f t e r   a  p r e d e t e r m i n e d   t i m e   f rom  t h e   e n g i n e  

s t a r t   t ime   t h r o u g h   t h e   f i l t e r   h a v i n g   t i m e   c o n s t a n t s   w h i c h  

p r o v i d e   a  h i g h   r e s p o n s e   s p e e d   f o r   a  t e m p e r a t u r e   v a r i a t i o n  

t o w a r d   the   low  t e m p e r a t u r e   s i d e   and  a  low  r e s p o n s e   s p e e d   f o r .  

a  t e m p e r a t u r e   v a r i a t i o n   t o w a r d   t he   h i g h   t e m p e r a t u r e   s i d e   t o  

25  the   c o n t r o l   m e a n s ,   t h e r e   is   no  a b n o r m a l   i n c r e a s e   in  t h e  

e n g i n e   r o t a t i o n   in  t he   c a s e   of  the   i n s t a n t a n e o u s   or  i n t e r -  

m i t t e n t   d i s c o n n e c t i o n   of  t he   w a t e r   t e m p e r a t u r e   s e n s o r   a n d  
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t he   e n g i n e   s p e e d   can  be  r e c o v e r e d   to  t h e   n o r m a l   v a l u e  

i m m e d i a t e l y   a f t e r   t he   d i s c o n n e c t i o n   c o n d i t i o n   is  r e m o v e d .  
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C l a i m s   : 

1.  An  i d l e   r e v o l u t i o n   c o n t r o l   d e v i c e   f o r   an  i n t e r n a l  

c o m b u s t i o n   e n g i n e   c o m p r i s i n g   a  w a t e r   t e m p e r a t u r e   s e n s o r  
(2)  f o r   d e t e c t i n g   t e m p e r a t u r e   of  an  e n g i n e   c o o l a n t   t o  

p r o v i d e   an  e l e c t r i c   s i g n a l   i n d i c a t i v e   of  t he   t e m p e r a t u r e ,  
5  a  f i l t e r   means   (7)  c o n n e c t e d   to  an  o u t p u t   of  s a i d   w a t e r  

t e m p e r a t u r e   s e n s o r   ( 2 ) ,   s a i d   f i l t e r   means   (7)  h a v i n g   a  
f i l t e r   f u n c t i o n   f o r   p a s s i n g   s a i d   o u t p u t   s i g n a l   of  s a i d  

w a t e r   t e m p e r a t u r e   s e n s o r   (2)  a  p r e d e t e r m i n e d   t i m e   a f t e r  

t he   e n g i n e   s t a r t s ,   w i t h   t i m e   c o n s t a n t s   p r o v i d i n g   a  h i g h  

10  r e s p o n s e   s p e e d   f o r   a  t e m p e r a t u r e   v a r i a t i o n   t o w a r d   a  h i g h  

t e m p e r a t u r e   s i d e   and  a  low  r e s p o n s e   s p e e d   f o r   a  t e m p e r a -  
t u r e   v a r i a t i o n   t o w a r d   a  low  t e m p e r a t u r e   s i d e ,   and  a  

c o n t r o l   means   (7,   9)  r e s p o n s i v e   to  an  o u t p u t   s i g n a l   o f  

s a i d   f i l t e r   means   f o r   c o n t r o l l i n g   an  i d l i n g   e n g i n e   r e v o l u -  
15  t i o n   to  a  d e s i r e d   r e v o l u t i o n   number   f o r   a  d e t e c t e d   w a t e r  

t e m p e r a t u r e   . 

2.  The  i d l e   r e v o l u t i o n   c o n t r o l   d e v i c e   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   w a t e r   t e m p e r a t u r e   s e n s o r   (2)  is   a  
20  t h e r m i s t e r .  

3  .  The  i d l e   r e v o l u t i o n   c o n t r o l   d e v i c e   as  c l a i m e d   i n  

c l a i m   2,  w h e r e i n   s a i d   c o n t r o l   means  (7,   9)  i n c l u d e s   a  
c e n t r a l   p r o c e s s i n g   u n i t   (7)  and  an  i n t e r f a c e   (9)  c o n n e c -  

25  t i n g   s a i d   t h e r m i s t e r   (2)  and  s a i d   c e n t r a l   p r o c e s s i n g   u n i t  

(7)  and  w h e r e i n   s a i d   f i l t e r   means  (7)  is   p r o v i d e d   by  s a i d  

c e n t r a l   p r o c e s s i n g   u n i t   ( 7 ) .  
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